It is generally argued that material classes with inversion symmetry do not produce bulk dipole related second harmonic generation (SHG). So, SHG is then either ascribed to surface effects or bulk related electric quadrupole or magnetic dipole effects. Using symmetry and ab-initio potentials we show analytically that due to the fact of the decaying harmonic electric field certain diamond crystal orientations, as e.g. Si(111), produce a bulk dipole SHG response. For fcc and bcc lattices with a single atom basis, i.e. for the most important metals, however, SHG can purely arise due to the disturbance induced by the surface. Finally we propose an experiment, exploiting the different dispersion for the fundamental as well as frequency doubled radiation to determine this effect.
The recent high interest in surface science techniques capable to probe surfaces in-situ has re-8 newed the interest in linear and nonlinear optical techniques such as second harmonic generation 9 (SHG). This interest has been accompanied by theoretical efforts to model the measured data, 10 interpreting them either in a classical picture or taking into account quantum mechanics by in-
11
volving transitions between initial and final states. [1] [2] [3] [4] [5] [6] Especially for SHG the interpretation and 12 the origin of the data is controversial. Some authors [7] [8] [9] claim that part of the SHG response arises 13 from the surface and bulk quadrupoles or from magnetic dipole effects, whereas others 10,11 are 14 mainly considering surface contributions. To our knowledge, however, all the literature has up to 15 now neglected bulk dipole transitions in materials with inversion symmetry 12-14 using the follow-
16
ing argument: Materials with inversion symmetry are described by potentials with even powers of 17 the coordinates (i.e. r 2 , r 4 , etc.). Because a second harmonic contribution providing response to 18 an incident field oscillating with frequency ω could origin, due to inversion symmetry, only from 2 n,n j 0n k nn i n 0 (ω n0 − ω) (ω n 0 − 2ω) + k 0n i nn j n 0 (ω n0 − ω) (ω n 0 + ω) + i 0n j nn k n 0 (ω n0 + 2ω) (ω n 0 + ω) .
(1)
In equ.
(1) i, j, k denote x, y, z, N the density of oscillators, and each sum runs over all inter- 
27
To our knowledge it has never been discussed in the context of SHG that the potential of atoms 28 in the diamond structure is, due to their tetrahedral bonding, intrinsically inversion asymmetric.
29
This asymmetry can be observed by using a pictorial representation for the tetrahedral hybridized 30 sp 3 wavefunctions (Fig.1a) , respectively by displaying the ab initio potential along the <111> di-31 rection (Fig.1b) , or by plotting the potential within in the (111) plane as equi-contour plot (Fig.1c) .
32
The potential has been calculated with the density functional theory implementation of VASP 5.2 33 using generalized gradient approximation (GGA Si(111), respectively its atoms, can be described in a simple picture by four equivalent covalent field penetrates through the bulk, it decays with a complex wavevector k = ωñ/c, respectively an
, where λ 0 is the vacuum wavelength, and n i is the 79 imaginary part of the refractive indexñ, connected to the dielectric function (ω) by (ω) =ñ(ω) 2 .
80
Because the exciting field decays along z due to absorption, the response of the bonds of Si (1) 81 does not fully cancel the contribution of the lower atom Si (2) . It has to be mentioned that even for superposition of the Si(1) and Si(2) atom:
where the first equation yields the response of Si (1) cε 0 |E surf + E bulk | 2 .
102
Here we do not treat the field produced by the surface E surf , where specific models on recon-103 struction and electronic states would have to be considered. The bulk contribution, however, can 104 be calculated analytically by using computer algebra systems (producing long terms), and also 105 numerically. To determine its relative magnitude, we proceed -in order to show the physics more clearly -by neglecting the phase of the field ( sign in equ. (4)). This analytic procedure is approx-
107
imately correct for the case of rather high absorption coefficients, when the field is over-critically 108 damped:
A modified absorption coefficient α SHG = α 2ω /2 + α ω is governing the contribution of the 110 bulk to SHG. For very large, experimentally not achievable, α SHG (penetration depth of just a few 111Å s) the formula above yields a vanishing bulk SHG contribution, leaving only the surface effect.
112
As discussed before, in the general case the surface and the bulk field should be added coherently.
113
However, already for harmonic excitation close to the E 1 transition in Si, α SHG is of the order of 
122
For very small absorption coefficients α SHG , i.e. almost transparent materials, we find an ad- This assumption is not justified any more; for propagation lengths of the order of 10µm phase
133
(mis-)matching (wavevectors k ω , k 2ω ) has to be taken into account in equ. (4) .
134
In order to compare the effects to experiments, we now employ the simplified bond-
135
hyperpolarisibility (SBHM) model 11 to calculate the single atom hyperpolarisibility χ SL ijk . In
136
SBHM the harmonic polarization is given by
the bullets denoting outer tensorial products summing over all bonds j. The hyperpolarisibility 138 β 2j denotes the nonlinear hyperpolarisibility of Si bond, pointing towards the tetrahedra corners.
139
One of the few wavelength dependent data ((p, P) polarization) for a non miscut Si(111) sample 
141
Before discussing their experimental data we note that for small AOIs -or normal incidence-
142
this model gives rather a 6-fold than a 3-fold symmetry. Assuming a bulk contribution this can be 143 easily explained, because the projection of the field on the 3 bonds is for low AOIs almost identical.
144
In bulk Si, due to the high refractive index, the harmonic wave propagates almost perpendicular to 145 the Si(111) planes and the polarization vector is almost in-plane, also for an external AOI of 45
• .
146
The experimental results given in ref. 20 data. We assign this difference to the neglection of the wavelength dependence of E surf . We note 166 that experimental data of Si (111) steps to separate the "pure" bulk and surface contributions, we propose an unambiguous mea- . absorption coefficients the absence of phase matching between the harmonic and second harmonic 189 wave will lead to partially destructive interference.
190
Summarizing, we show that in the diamond structure dipole allowed bulk SHG response can 
